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UNDERGROUND STORAGE TANK 
METERING SYSTEM IN A SERVICE 

STATION ENVIRONMENT 

The present application is a divisional of US. patent 
application Ser. No. 10/389,516, ?led Mar. 14, 2003, pend 
ing. 

FIELD OF THE INVENTION 

The present invention relates to a meter coupled to an 
underground storage tank that measures fuel delivered to 
fuel dispensers in a service station environment. 

BACKGROUND OF THE INVENTION 

In service station environments, fuel is stored underneath 
the service station in underground storage tanks (USTs). The 
USTs typically hold thousands of gallons of fuel. In order to 
transfer fuel from the USTs to fuel dispensers above the 
ground in the service station forecourt so that the fuel can be 
dispensed to vehicles, a submersible turbine pump (STP) is 
provided. The STP comprises a turbine and motor that draWs 
fuel from the UST. After the fuel leaves the STP, the fuel is 
distributed via a main fuel piping conduit through the 
service station. Individual fuel dispensers draW fuel from the 
main fuel piping conduit via a branch conduit that is ?uidly 
coupled to the main fuel piping conduit. The fuel is then 
delivered into the fuel dispenser, metered and dispensed to 
a vehicle through a hose and noZZle combination. 

Each of the individual fuel dispensers contains meters that 
measure the amount of fuel dispensed to a vehicle. Since this 
fuel originates from USTs, the amount of fuel dispensed out 
of the USTs is the combination of all of the metered fuel 
dispensed out of the individual fuel dispensers. The fuel 
dispenser meter data is communicated to a single site 
controller (SC) at the service station. The SC uses the 
individual fuel dispenser meter data to track the inventory 
levels of the USTs and to generate reports on this inventory. 
The SC may also provide fuel dispenser meter data infor 
mation to a tank monitor (TM) system as is described in US. 
Pat. Nos. 5,665,895; 5,544,518; and 4,977,528, all of Which 
are incorporated by reference in their entirety. The TM uses 
the fuel dispenser meter data as a reference point to calibrate 
the tank-strapping curve for the UST. Atank-strapping curve 
is a curve that correlates a liquid level in the UST to a 
volume level. 

There are several factors that could cause the fuel dis 
penser meter data to not be an accurate account of the 
amount of fuel draWn out of the USTs and delivered to the 
fuel dispensers. First, a person could have tampered With the 
fuel dispenser meter and/or electronics such that the amount 
of fuel dispensed to a vehicle is different than measured by 
the fuel dispenser meter. In a typical fraud scenario, the fuel 
dispenser meter is tampered to measure more fuel than is 
actually dispensed so that customers get charged for more 
fuel than is dispensed. Second, the fuel dispenser meter may 
not be properly calibrated. This Will cause the fuel dispenser 
meter to not accurately re?ect the amount of fuel dispensed. 
Third, there may be a leak present in the fuel piping betWeen 
the UST and the fuel dispenser meters, Which Will cause the 
amount of fuel draWn out of the UST to be less that the 
amount of fuel measured and delivered by the fuel dispenser. 

If any of the aforementioned events occur, the fuel dis 
penser meter data that is collected by the SC Will not be 
accurate as Well. If the TM uses the fuel dispenser meter data 
from the SC for calibration of the tank-strapping curve, the 
tank strapping curve Will be inaccurate as Well. Further, this 
condition could go unnoticed for long periods of time. 
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2 
Therefore, there eXists a need to be able to con?rm 

absolutely the amount of fuel draWn out of the USTs so that 
this amount can be compared to the fuel dispenser meter 
measurements to ensure that fraud, calibration, and/or leak 
issues are not present in the service station environment. 
Further, it may be important to base the tank-strapping curve 
calibration on another baseline of the amount of fuel draWn 
out of the UST rather than using the measurements of the 
individual fuel dispenser meters. 

SUMMARY OF THE INVENTION 

The present invention relates to placement of a meter in 
the fuel piping that carries fuel draWn out of an underground 
storage tank (UST) to fuel dispensers in a service station 
environment. The meter measures all of the fuel that is 
draWn out of the UST before the fuel is delivered via the 
main and branch conduits to the individual fuel dispensers. 
The meter may be placed inline to the fuel piping that 

delivers the fuel from the UST to the fuel dispensers, 
including in the submersible turbine pump (STP) and any 
other location in the main conduit. The meter may be a 
positive displacement or inferential meter. A turbine meter is 
used in one embodiment since turbine meters are knoWn to 
require minimal or no recalibration after the meter is 
installed and operational. 
A controller compares the amount of fuel draWn from the 

UST and delivered to the individual fuel dispensers With the 
fuel measured by the individual fuel dispenser meters in 
order to determine if there is a discrepancy. If not, the 
process continues in a looping fashion. If there is a 
discrepancy, this is indicative of either fraud, a leak, or a 
meter(s) becoming uncalibrated. The controller may gener 
ate an alarm in response to detection of such discrepancy, 
and initiate a leak detection test to determine if there is a leak 
in the underground fuel piping. 

Those skilled in the art Will appreciate the scope of the 
present invention and realiZe additional aspects thereof after 
reading the folloWing detailed description of the preferred 
embodiments in association With the accompanying draWing 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWing ?gures incorporated in and 
forming a part of this speci?cation illustrate several aspects 
of the invention, and together With the description serve to 
explain the principles of the invention. 

FIG. 1 illustrates communication connections in an eXem 

plary fueling environment; 
FIG. 2 illustrates ?uid connections in an exemplary fuel 

ing environment; 
FIG. 3A illustrates a meter coupled inline to fuel piping 

that carries fuel draWn from an underground storage tank 
(UST) to fuel dispensers; 

FIG. 3B illustrates an alternative con?guration to FIG. 3A 
Wherein the meter is coupled in the submersible turbine 
pump (STP) housing; 

FIG. 3C illustrates an alternative con?guration to FIG. 3A 
housing; and 

FIG. 4 illustrates a ?oWchart diagram of using the metered 
amount of fuel from the UST to perform diagnostic opera 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The embodiments set forth beloW represent the necessary 
information to enable those skilled in the art to practice the 
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invention and illustrate the best mode of practicing the 
invention. Upon reading the following description in light of 
the accompanying draWing ?gures, those skilled in the art 
Will understand the concepts of the invention and Will 
recogniZe applications of these concepts not particularly 
addressed herein. It should be understood that these con 
cepts and applications fall Within the scope of the disclosure 
and the accompanying claims. 

Fueling environments come in many different designs. 
Before describing the particular aspects of the present inven 
tion (Which begins at the description of FIG. 3), a brief 
description of a fueling environment folloWs. A 
conventional, exemplary fueling environment 10 is illus 
trated in FIGS. 1 and 2. Such a fueling environment 10 may 
comprise a central building 12, a car Wash 14, and a plurality 
of fueling islands 16. 

The central building 12 need not be centrally located 
Within the fueling environment 10, but rather is the focus of 
the fueling environment 10, and may house a convenience 
store 18 and/or a quick serve restaurant 20 therein. The 
convenience store 18 and/or quick server restaurant 20 may 
also be present at a truck stop facility rather than a primary 
non-truck vehicle ?lling station. Both the convenience store 
18 and the quick serve restaurant 20 may include a point of 
sale 22, 24, respectively. The central building 12 may further 
house a site controller (SC) 26, Which in an exemplary 
embodiment may be the G-SITE® sold by Gilbarco Inc. of 
Greensboro, NC. The SC 26 may control the authoriZation 
of fueling transactions and other conventional activities as is 
Well understood. The SC 26 may be incorporated into a point 
of sale, such as point of sale 22, if needed or desired. Further, 
the SC 26 may have an off-site communication link 28 
alloWing communication With a remote location for credit/ 
debit card authoriZation, content provision, reporting 
purposes, or the like, as needed or desired. The off-site 
communication link 28 may be routed through the Public 
SWitched Telephone NetWork (PSTN), the Internet, both, or 
the like, as needed or desired. 

The car Wash 14 may have a point of sale 30 associated 
thereWith that communicates With the SC 26 for inventory 
and/or sales purposes. The car Wash 14 alternatively may be 
a stand alone unit. Note that the car Wash 14, the conve 
nience store 18, and the quick serve restaurant 20 are all 
optional and need not be present in a given fueling envi 
ronment 10. 

The fueling islands 16 may have one or more fuel 
dispensers 32 positioned thereon. The fuel dispensers 32 
may be, for example, the ECLIPSE® or ENCORE® sold by 
Gilbarco Inc. of Greensboro, NC. The fuel dispensers 32 are 
in electronic communication With the SC 26 through a LAN 
or the like. 

The fueling environment 10 also has one or more under 
ground storage tanks (USTs) 34 adapted to hold fuel therein. 
As such, the UST 34 may be a double-Walled tank. Further, 
each UST 34 may be associated With a tank monitor (TM) 
36, or one TM 36 may handle all the USTs 34. The TMs 36 
typically have ?uid level sensors and other data gathering 
devices positioned in the USTs 34 Which are communica 
tively coupled to the TM 36. In some implementations, the 
TM 36 may be positioned in the central building 12; 
hoWever, because the TMs 36 monitor ?uid levels Within the 
USTs 34, the TMs 36 are shoWn schematically positioned 
next to the USTs 34. The TMs 36 may communicate With the 
fuel dispensers 32 (either through the SC 26 or directly, as 
needed or desired) to determine amounts of fuel dispensed 
and compare fuel dispensed to current levels of fuel Within 
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4 
the USTs 34 as reported by the sensors to determine if the 
USTs 34 are leaking. 
The TM 36 may communicate With the SC 26 and further 

may have an off-site communication link 38 for leak detec 
tion reporting, inventory reporting, or the like. Much like the 
off-site communication link 28, the off-site communication 
link 38 may be through the PSTN, the Internet, both, or the 
like. If the off-site communication link 28 is present, the 
off-site communication link 38 need not be present and vice 
versa, although both links may be present if needed or 
desired. Further, the off-site communication links 28, 38 
may be incorporated into one single link. Further, the off-site 
communication link 28 may be associated With a back-office 
system (BOS) (not shoWn) rather than a SC 26 since a SC 
26 may be linked to a BOS. As used herein, the TM 36 and 
the SC 26 are site communicators to the extent that they 
alloW off-site communication and report site data to a remote 
location. 

For further information on hoW elements of a fueling 
environment 10 may interact, reference is made to US. Pat. 
No. 5,956,259, Which is hereby incorporated by reference in 
its entirety. Information about fuel dispensers may be found 
in commonly oWned US. Pat. Nos. 5,734,851 and 6,052, 
629, Which are hereby incorporated by reference in their 
entirety. Information about car Washes may be found in 
commonly oWned US. patent application Ser. No. 60/380, 
111, ?led 06 May 2002, entitled “Improved service station 
car Wash,” Which is hereby incorporated by reference in its 
entirety. An exemplary TM 36 is the TLS-350R manufac 
tured and sold by Veeder-Root. For more information about 
TMs and their operation, reference is made to US. Pat. Nos. 
5,423,457; 5,400,253; 5,319,545; and 4,977,528, Which are 
hereby incorporated by reference in their entireties. 

In addition to the various conventional communication 
links betWeen the elements of the fueling environment 10, 
there are conventional ?uid connections to distribute fuel 
about the fueling environment 10 as illustrated in FIG. 2. 
USTs 34 may each be associated With a vent 40 that alloWs 
over-pressuriZed tanks to relieve pressure thereby. A pres 
sure valve (not shoWn) is placed on the outlet side of each 
vent 40 to open to atmosphere When the pressure in the UST 
34 reaches a predetermined threshold. Additionally, under 
pressuriZed tanks may draW air in through the vents 40. In 
an exemplary embodiment, tWo USTs 34 exist—one a loW 
octane tank (87) and one a high-octane tank (93). Blending 
may be performed Within the fuel dispensers 32, as is Well 
understood, to achieve an intermediate grade or grades of 
fuel. Alternatively, additional USTs 34 may be provided for 
diesel and/or an intermediate grade of fuel (not shoWn). The 
vents 40 may be coupled to a post-processing system that is 
designed to ?lter hydrocarbons out of a vapor/air mixture in 
the UST 34 that is released through the vents 40 When a 
pressure valve (not shoWn) in the vents 40 opens after a 
threshold pressure is reached in the UST 34, like that 
described in US. Pat. Nos. 5,464,466; 5,571,310; 5,626, 
649; 5,755,854; 5,843,212; 5,985,002; and 6,293,996, all of 
Which are incorporated herein by reference in their entire 
ties. 

Pipes 42 connect the USTs 34 to the fuel dispensers 32. 
The pipes 42 may be arranged in a main conduit 44 (also 
called a main fuel piping) and branch conduit 46 
con?guration, Where the main conduit 44 carries the fuel 
from the USTs 34 to the branch conduits 46, and the branch 
conduits 46 connect to the fuel dispensers 32. Typically, the 
pipes 42 are double-Walled pipes comprising an inner con 
duit and an outer conduit. Fuel ?oWs in the inner conduit to 
the fuel dispensers 32, and the outer conduit insulates the 
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environment from leaks in the inner conduit. For a better 
explanation of such pipes and concerns about hoW they are 
connected, reference is made to Chapter B13 of PIPING 
HANDBOOK, 7”1 edition, copyright 2000, published by 
McGraW-Hill, Which is hereby incorporated by reference. 

In a typical service station installation, leak detection may 
be performed by a variety of techniques, including probes 
and leak detection cables. More information about such 
devices can be found in the previously incorporated PIPING 
HANDBOOK. Conventional installations capture the leaked 
fuel in loW point sumps, sumps in the fuel dispensers 32, or 
the like, Where the fuel mixes With contaminants such as dirt, 
Water, and the like, thereby mining the fuel for future use 
Without processing. 

While not shoWn, vapor recovery systems may also be 
integrated into the fueling environment 10, With vapor 
recovered from fueling operations being returned to the 
USTs 34 via separate vapor recovery lines (not shoWn). For 
more information on vapor recovery systems, the interested 
reader is directed to US. Pat. Nos. 5,040,577; 6,170,539; 
and Re. 35,238; and US. patent application Ser. No. 09/783, 
178 ?led 14 Feb. 2001, all of Which are hereby incorporated 
herein by reference in their entireties. 
NoW turning to the present invention, as illustrated in 

FIGS. 3A—3C, a submersible turbine pump (STP) 48 is 
shoWn that is ?uidly coupled to the UST 34. The STP 48 is 
contained inside a sump 50. The sump 50 captures any fuel 
leaks that occur in the STP 48. The sump 50 may contain a 
sump sensor 64 that detects any fuel 51 that leaks from the 
STP 48. If the main conduit 44 is single-Walled piping, 
active testing must take place to detect leaks including 
detection of leaks in the sump 50 using the sump sensor 64 
and fuel dispenser sumps (not shoWn). The sump sensor 64 
may be any type of leak detection sensor. 

The STP 48 comprises a STP housing 52 for control 
electronics (not shoWn). The STP 48 is ?uidly coupled to the 
fuel 51 in the UST 34 via a fuel piping (not shoWn) 
contained inside a riser pipe 54 and boom 56. The boom 56 
is connected to a turbine housing 58 that contains a turbine 
(not shoWn). The STP 48 is typically mounted to the UST 34 
using a mounting plate 62. The control electronics causes the 
turbine to rotate and pressuriZe the inside of the turbine 
housing 58 and the boom 56 thereby draWing fuel 51 from 
the UST 34 through a turbine housing inlet 60. The fuel 51 
travels upWard through the fuel piping extending from the 
turbine housing 58 through the boom 56 and riser pipe 54 to 
the STP housing 52. The main conduit 44 is coupled to the 
STP housing 52 to carry fuel 51 draWn from the UST 34 to 
the branch conduits 46. 

For a more complete explanation of the STP 48 and 
supporting components, reference is made to US. Pat. No. 
6,223,765 assigned to Marley Pump Company, Which is 
incorporated herein by reference in its entirety, and the 
product exemplifying the teachings of the patent explained 
in Quantum Submersible Pump Manual: Installation and 
Operation, also produced by the Marley Pump Company, 
also incorporated by reference in its entirety. 

In FIG. 3A, a ?rst embodiment of the invention is 
disclosed. A meter 70 is placed inline to the main conduit 44 
to measure the total amount of fuel 51 draWn out of the UST 
34. In this manner, the total amount of fuel 51 draWn out of 
the UST 34, via the STP 48 described above, is measured in 
the main conduit 44 at one location rather than doWnstream 
after the main conduit 44 has split into branch conduits 46. 
Since USTs 34 only store one grade or octane of fuel, the 
system illustrated in FIG. 3A is for measuring the total 
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6 
amount of fuel 51 draWn out of a given UST 34. If multiple 
grades of fuel 51 are stored in multiple USTs 34, multiple 
systems like that described in FIG. 3A may be used. A leak 
detection sensor 68 may also be placed in the inner annular 
space of the main conduit 44 to detect leaks, as is Well 
knoWn. 

The meter 70 may any type of meter, including but not 
limited to positive displacement or inferential meter. Since 
the meter 70 is in a location not necessarily easily accessible 
by service personnel, it may be advantageous to use a meter 
70 that requires minimal or no calibration. One such meter 
is knoWn as a turbine ?oW meter, as is described in US. Pat. 
No. 5,689,071, entitled “Wide range, high accuracy ?oW 
meter,” incorporated herein by reference in its entirety. The 
turbine ?oW meter is an inferential meter and its advantages 
are described in the ’071 Patent as Well as co-pending US. 
patent application Ser. No. 10/227,746, ?led on Aug. 26, 
2002 entitled “Multi-metal turbine sensing for increased 
sensitivity and reduced cost,” incorporated herein by refer 
ence in its entirety. 

The main conduit 44 may be single Walled piping or 
double-Walled piping like that described in co-pending US. 
patent application Ser. No. 10/173,990, ?led on Jun. 18, 
2002 entitled “Service station leak detection and recovery 
system,” incorporated herein by reference in its entirety. 

If the main conduit 44 is double-Wailed piping, the meter 
70 is con?gured to maintain the separation of the inner 
annular space and the outer annular space of the double 
Walled piping such that the secondary containment provided 
by the outer annular space of the double Walled piping is 
maintained throughout the meter 70 and on the outlet side of 
the meter 70. The meter 70 may provide a path for the outer 
annular space of the double Walled piping to divert around 
the meter 70, or the meter 70 may be con?gured to accept 
a double-Walled piping as an input and output and maintain 
the integrity of the outer annular space. 

Before the present invention, no meter 70 Was used to 
measure the total amount of fuel 51 draWn out of the UST 
34. Measurements from individual meters in fuel dispensers 
32 Were totaled up to derive the total amount of fuel 51 
draWn from a UST 34. The individual fuel dispenser 32 
meters only receive the fuel 51 draWn from the UST 34 after 
the fuel 51 travels from the STP 48 through a main conduit 
44 and into branch conduits 46 coupled to the individual fuel 
dispenser 32 meters. There could be any number of reasons 
that the individual fuel dispenser 32 meters Will not accu 
rately measure the amount of fuel 51 draWn from a UST 34. 
First, a person could have tampered With the fuel dispenser 
32 meter and/or electronics such that the amount of fuel 51 
dispensed to a vehicle is different than measured by the fuel 
dispenser 32 meter. In a typical fraud scenario, the fuel 
dispenser 32 meter is tampered to measure more fuel than is 
actually dispensed so that customers get charged for more 
fuel than is dispensed. Second, the fuel dispenser 32 meter 
may not be properly calibrated. This Will cause the fuel 
dispenser 32 meter to not accurately re?ect the amount of 
fuel 51 dispensed. Third, there may be a leak present in the 
main conduit 44 or branch conduits 46 betWeen the UST 34 
and the fuel dispenser 32 meters, Which Will cause the 
amount of fuel 51 draWn out of the UST 34 to be less that 
the amount of fuel 51 measured and delivered by the fuel 
dispensers 32. 

If any of the aforementioned events occur, the fuel dis 
penser 32 meter data that is collected by the SC 26 Will not 
be accurate as Well. If the TM 36 uses the fuel dispenser 32 
meter data from the SC 26 for calibration of the tank 
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strapping curve, as is described for example in US. Pat. 
Nos. 4,977,528; 5,544,518; 5,665,895, all of Which are 
incorporated herein by reference in their entireties, the 
tank-strapping curve Will be inaccurate as Well. More infor 
mation on the operational aspects of the present invention is 
provided beloW in FIGS. 4—6; but ?rst, alternative meter 70 
placement con?gurations are described beloW for FIGS. 3B 
and 3C. 

FIG. 3B illustrates an alternative placement of the meter 
70. In FIG. 3B, the meter 70 is placed in the STP 48 and 
speci?cally in the STP housing 52. In this embodiment, the 
meter 70 is placed in the STP 48 Which is inside the sump 
50 so that any leaked fuel around the meter 70 is captured 
in the sump 50. In this manner, it is not necessary for the 
meter 70 to accept the outer annular space of the main 
conduit 44 or to provide a bypass of the outer annular space 
of the main conduit 44 around the meter 70, if the main 
conduit 44 is double-Walled piping. 

FIG. 3C illustrates another alternative placement of the 
meter 70, Wherein the meter 70 is placed in the turbine 
housing 58. All of the previous discussion regarding the 
meter 70 that is discussed in FIGS. 3A and 3B is also 
applicable here and is therefore not repeated. 

In summary, the meter 70 may be placed in any location 
in the STP 48, including the turbine housing 58, the boom 
56, the riser pipe 54, the STP housing 48, and the main 
conduit 44, such that the meter 70 receives all fuel 51 draWn 
from the UST 34 at a single location in order to measure the 
total amount of fuel 51 draWn from the UST 34 to be later 
delivered to the fuel dispensers 32. 

In each of the aforementioned embodiments of the meter 
70 placement illustrated in FIGS. 3A—3C, the meter 70 
generates a data signal 72 that is indicative of the total 
amount of fuel 51 passing through the meter 70. The data 
signal 72 is a signal that represents the total amount of fuel 
51 draWn from the UST 34. The signal 72 may be a direct 
representation of the total amount of fuel 51 or may be a 
signal 72 that is used to derive the total amount of fuel 51. 
This data signal 72 may be generated using a pulser as is 
described in US. Pat. No. 6,109,477, entitled “Signature 
pulse generator and method of detecting tampering With a 
fueling operation.” This data signal 72 is electrically coupled 
to either the SC 26, the TM 36, or other controller to 
calculate the total amount of fuel 51 draWn from the UST 34. 
The SC 26, TM 36 or other controller also collects data from 
the individual fuel dispenser 32 meters as Well. In this 
application When the term “controller” is used, the controller 
may be the SC 26, the TM 36 or any other type of controller 
that is capable of receiving the data signal 72 and calculating 
the total amount of fuel 51 draWn from the UST 34. It is With 
this information that the operational aspects of the present 
invention are described. 

FIG. 4 illustrates the operational aspect of the present 
invention Wherein the total amount of fuel 51 measured by 
the meter 70 is compared to the individual fuel measure 
ments from the fuel dispenser 32 meters to determine if there 
is a discrepancy. A discrepancy is an indication of three 
possible events. First, a leak could exist betWeen the meter 
70 and the individual fuel dispenser 32 meters such that all 
of the fuel 51 measured by the meter 70 never reaches one 
or more of the individual fuel dispenser 32 meters for 
measurement. A leak could exist in the main conduit 44 or 
a branch conduit 46. Second, a fraudulent or tampering 
activity could have occurred at one or more of the individual 
fuel dispenser 32 meters such that the meter data commu 
nicated to the controller 26, 36 is not accurate. Tampering in 
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this manner usually involves causing one or more individual 
fuel dispenser 32 meters to register an amount of fuel 51 
greater than the actual amount of fuel 51 passing through the 
fuel dispenser 32 meter so that the customer is charged as if 
more fuel 51 Was dispensed into his or her vehicle than Was 
actually dispensed. Third, one or more of the individual fuel 
dispenser 32 meters may not be properly calibrated or may 
be out of calibration such that the amount of fuel 51 
measured by the individual fuel dispenser 32 meters is not 
accurate. 

The processing carried out by the process illustrated in 
FIG. 4 may be performed in the SC 26, the TM 36, other 
controller, or through a combination of these various control 
elements (hereineafter referred to as “controller”). 

In FIG. 4, a process is illustrated Where the controller 26, 
36 determines if there is a discrepancy betWeen the amount 
of fuel 51 measured from the meter 70 and the amount of 
fuel 51 measured by the individual fuel dispensers 32. The 
process starts (block 100), and the amount of fuel measured 
by the meter 70 draWn from the UST 34 for a particular 
grade of fuel 51 is determined using the data signal 72 (block 
102). Next, this amount of fuel from the meter 70 is 
compared to the individual fuel dispenser 32 meter data 
received through the branch conduits 46 (block 104). If there 
is a discrepancy such that the amount of fuel 51 measured by 
the meter 70 from the UST 34 is greater than or less than the 
amount of fuel measured by the individual fuel dispenser 32 
meters by a threshold value (decision 106), an alarm con 
dition exists. 

If the UST 34 for a particular grade of fuel 51 that is 
metered by meter 70 contains a post-processor system for 
?ltering the vapor/air mixture that is released through the 
vent 40 due to overpressure conditions in the UST 34, an 
optional feature Would be for the controller 26, 36 to take 
any hydrocarbons released through the vent 40 into consid 
eration as calculating the amount of fuel in the in block 102. 

If no alarm condition exists (decision 106), the process 
continues in a looping fashion to check for a discrepancy 
betWeen the amount of fuel 51 draWn from the UST 34, as 
measured by the meter 70 (block 102), compared With the 
amount of fuel 51 measured by the individual fuel dispens 
ers 32 (block 104). 

If an alarm condition exists, a general alarm is indicated 
such that it is knoWn that there is either a leak in the main 
conduit 44 or branch conduits betWeen the meter 70 and the 
fuel dispenser 32 meter, or the fuel dispenser 32 meter is 
miscalibrated or has been fraudulently tampered With (block 
108). The alarm condition may be communicated to a user, 
to the SC 26 and/or the TM 36. An alarm may comprise a 
visual and/or audio signal to an operator of the service 
station or to a remote location via the off-site communication 
link 28 or off-site communication link 38, or both. The alarm 
condition may trigger certain prede?ned steps of investiga 
tion including but not limited to a site survey, shutting doWn 
the STP 48 associated With the meter 70, and performing a 
line leak detection test. The alarm condition may also be 
stored in memory (not shoWn) associated With the controller 
26, 36 in a log ?le and/or in a log ?le in memory associate 
With the remote location. Further, the remote location can 
send such alarm condition to another location, including but 
not limited to headquarter sites, regulatory authorities, such 
as Weights & Measures, etc. 

In addition, the TM 36 may be con?gured so that a line 
leak detection test is automatically triggered once an alarm 
condition is generated (block 108). This is because at this 
point, it is not knoWn Whether the discrepancy betWeen the 



US 6,929,018 B2 

fuel 51 measured by the meter 70 from the UST 34 is 
different from that of the individual fuel dispenser 32 meters 
because of a leak, fraud, or calibration issues. Given the fact 
that early leak detection is important in a service station 
environment, it may be desirable for the system to auto 
matically trigger a leak detection test. This leak detection 
test may be any type of leak detection test including but not 
limited to those described in Us. Pat. Nos. 4,876,530 and 
5,317,899, all of Which are incorporated herein by reference 
in their entireties 

If a leak detection test setting is indicated (decision 110), 
the controller 26, 36 Will initiate a leak detection test (block 
112). If a leak is detected (decision 114), any number of 
actions can be taken that are normally taken, including but 
not limited to shutting doWn the STP 48 associated With the 
UST 34 containing a particular grade of fuel (block 116), or 
generating an alarm. Thereafter, the process ends (block 
118) With respect to the particular UST 34 until the service 
action takes place. If a leak is not detected (decision 114), 
the controller 26, 36 indicates an alarm that is indicative of 
either fraud or miscalibration and not a leak since the line 
leak detection test resulted in no leak detected in decision 
114. The process repeats itself (block 102) since the alarm 
condition Was not generated as a result of a leak, and fuel 51 
can still be dispensed from the UST 34 in an environmen 
tally safe manner even though such alarm condition eXists. 
In an alternative embodiment, the STP 48 for the particular 
fuel dispenser 32 Where a discrepancy is found may be shut 
doWn, regardless of Whether the alarm condition is indica 
tive of a leak or not. 

If the controller 26, 36 has the ability to receive fuel 
dispenser 32 meter data from each fuel dispenser 32 meter 
on a meter-by-meter basis, the controller 26, 36 can perform 
the comparison in block 104 for a particular fuel dispenser 
32 meter on an individual meter basis rather than collec 
tively. Even if the controller 26, 36 does not have the ability 
to receive fuel dispenser 32 meter data from each fuel 
dispenser 32 meter on a meter-by-meter basis, it may 
nevertheless still be possible for the controller 26, 36 to 
deduce When a speci?c fuel dispenser 32 meter measures 
fuel in discrepancy With meter 70. 

Those skilled in the art Will recogniZe improvements and 
modi?cations to the preferred embodiments of the present 
invention. All such improvements and modi?cations are 
considered Within the scope of the concepts disclosed herein 
and the claims that folloW. 
What is claimed is: 
1. A system for detecting a discrepancy betWeen the 

amount of fuel draWn from an underground storage tank to 
a plurality of fuel dispensers and the amount of fuel mea 
sured by the plurality of fuel dispensers, comprising: 

a controller; 
a submersible turbine pump ?uidly coupled to fuel in the 

underground storage tank Wherein said submersible 
turbine pump draWs the fuel out of the underground 
storage tank; 

a main fuel piping coupled to said submersible turbine 
pump to carry the fuel draWn by said submersible 
turbine pump to the fuel dispenser; 

a meter coupled inline to said main fuel piping that 
measures the amount of fuel draWn by said submersible 
turbine pump from the underground storage tank and 
delivered to the fuel dispenser, Wherein said meter 
electronically communicates the amount of fuel draWn 
by said submersible turbine pump to said controller; 
and 
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10 
a plurality of fuel dispensers that each receives the fuel 

from a branch fuel piping coupled to said main fuel 
piping, Wherein each of said plurality of fuel dispensers 
contains a fuel dispenser meter to measure the amount 
of the fuel received from said branch fuel piping and 
Wherein said fuel dispenser meter electronically com 
municates the amount of fuel received from said branch 
conduit to said controller; 

said controller is adapted to compare said amount of fuel 
received from said branch conduits and said amount of 
fuel draWn by said submersible turbine pump. 

2. The system of claim 1, Wherein said meter is a turbine 
meter. 

3. The system of claim 1, Wherein said controller is 
included in a device comprised from the group consisting of 
a site controller and a tank monitor. 

4. The system of claim 1, Wherein said controller is 
adapted to determine any discrepancy betWeen the amount 
of fuel received from said branch conduits and the amount 
of fuel draWn by said submersible turbine pump. 

5. The system of claim 4, Wherein said controller gener 
ates an alarm if said amount of fuel received from said 
branch conduits is different than said amount of fuel draWn 
by said submersible turbine pump. 

6. The system of claim 5, Wherein said alarm is comprised 
from the group consisting of a fraud alarm, a leak alarm, and 
a calibration alarm. 

7. The system of claim 4, Wherein said controller initiates 
a leak detection test if said amount of fuel received from said 
branch conduits is different than said amount of fuel draWn 
by said submersible turbine pump. 

8. The system of claim 7, Wherein said leak detection test 
is comprised from the group consisting of a leak detection 
test for said main fuel piping and a leak detection test for 
said branch fuel piping. 

9. The system of claim 7, Wherein said leak detection test 
is comprised from the group consisting of a gross leak 
detection test, a precision leak detection test at 0.2 gallons 
per hour, and a precision leak detection test at 0.1 gallons per 
hour. 

10. The system of claim 7, Wherein said controller is 
adapted to stop the draW of fuel from the underground 
storage tank if said leak detection test fails. 

11. The system of claim 4, Wherein said controller com 
municates any said discrepancy to a remote location. 

12. The system of claim 1, Wherein said controller gen 
erates an alarm When the amount of fuel draWn by said 
submersible turbine pump eXceeds a threshold level. 

13. The system of claim 12, Wherein said alarm is 
communicated to a remote location. 

14. The system of claim 1, Wherein said controller deter 
mines Which of said fuel dispenser meters in said plurality 
of fuel dispenser meters is in discrepancy With said meter. 

15. The system of claim 1, Wherein said controller is 
adapted to stop the draW of fuel from the underground 
storage tank by the submersible turbine pump if said amount 
of fuel received from said branch conduits is different than 
said amount of fuel draWn by said submersible turbine 
pump. 

16. A system for detecting a discrepancy betWeen the 
amount of fuel draWn from an underground storage tank to 
a plurality of fuel dispensers and the amount of fuel mea 
sured by the plurality of fuel dispensers, comprising: 

a controller; 
a submersible turbine pump ?uidly coupled to fuel in the 

underground storage tank Wherein said submersible 
turbine pump draWs the fuel out of the underground 
storage tank; 
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a main fuel piping coupled to said submersible turbine 
pump to carry the fuel draWn by said submersible 
turbine pump to the fuel dispenser; 

a meter placed in said submersible turbine pump that 
measures the amount of fuel draWn by said submersible 
turbine pump from the underground storage tank and 
delivered to the fuel dispenser; and 

a plurality of fuel dispensers that each receives the fuel 
from a branch fuel piping coupled to said main fuel 
piping, Wherein each of said plurality of fuel dispensers 
contains a fuel dispenser meter to measure the amount 
of the fuel received from said branch fuel piping and 
Wherein said fuel dispenser meter electronically com 
municates the amount of fuel received from said branch 
fuel piping to said controller; 

said controller is adapted to compare said amount of fuel 
received from said branch conduits and said amount of 
fuel draWn by said submersible turbine pump. 

17. The system of claim 16, Wherein said meter is a 
turbine meter. 

18. The system of claim 16, Wherein said meter is placed 
in a turbine housing of said submersible turbine pump. 

19. The system of claim 16, Wherein said meter is placed 
in a boom of said submersible turbine pump. 

20. The system of claim 16, Wherein said meter is placed 
in a riser pipe of said submersible turbine pump. 

21. The system of claim 16, Wherein said meter is placed 
in a submersible turbine pump housing of said submersible 
turbine pump. 

22. The system of claim 16, Wherein said controller is 
included in a device comprised from the group consisting of 
a site controller and a tank monitor. 

23. The system of claim 16, Wherein said controller is 
adapted to determine any discrepancy betWeen said amount 
of fuel received from said branch conduits and said amount 
of fuel draWn by said submersible turbine pump. 

24. The system of claim 23, Wherein said controller 
generates an alarm if said amount of fuel received from said 
branch conduits is different than said amount of fuel draWn 
by said submersible turbine pump. 

25. The system of claim 24, Wherein said alarm is 
comprised from the group consisting of a fraud alarm, a leak 
alarm, and a calibration alarm. 

26. The system of claim 23, Wherein said controller 
initiates a leak detection test if said amount of fuel received 
from said branch conduits is different than said amount of 
fuel draWn by said submersible turbine pump. 

27. The system of claim 26, Wherein said leak detection 
test is comprised from the group consisting of a leak 
detection test for said main fuel piping and a leak detection 
test for said branch fuel piping. 

28. The system of claim 26, Wherein said leak detection 
test is comprised from the group consisting of a gross leak 
detection test, a precision leak detection test at 0.2 gallons 
per hour, and a precision leak detection test at 0.1 gallons per 
hour. 

29. The system of claim 26, Wherein said controller is 
adapted to stop the draW of fuel from the underground 
storage tank if said leak detection test fails. 

30. The system of claim 23, Wherein said controller 
communicates any said discrepancy to a remote location. 
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31. The system of claim 16, Wherein said controller is 

adapted to stop the draW of fuel from the underground 
storage tank by the submersible turbine pump if said amount 
of fuel received from said branch conduits is different than 
said amount of fuel draWn by said submersible turbine 
pump. 

32. Amethod of measuring the amount of fuel draWn from 
an underground storage tank that is delivered to a plurality 
of fuel dispensers in a service station environment, com 
prising the steps of: 

draWing an amount of fuel from the underground storage 
tank; and 

measuring the amount of fuel draWn from the under 
ground storage tank using a meter ?uidly coupled to 
fuel in the underground storage tank before the fuel is 
delivered to the plurality of fuel dispensers; 

delivering the amount of fuel delivered to the plurality of 
fuel dispensers; 

measuring the amount of fuel dispensed by each of the 
plurality of fuel dispensers after said step of measuring 
the amount of fuel draWn from the underground storage 
tank by the meter; and 

comparing the amount of fuel received by the plurality of 
fuel dispensers and the amount of fuel draWn from the 
underground storage tank. 

33. The method of claim 32, further comprising the step 
of communicating said amount of fuel draWn from the 
underground storage tank to a controller. 

34. The method of claim 32, further comprising the step 
of determining any discrepancy betWeen the amount of fuel 
received from the plurality of fuel dispensers and the amount 
of fuel draWn from the underground storage tank. 

35. The method of claim 34, further comprising the step 
of generating an alarm if said amount of fuel received from 
said branch conduits is different than said amount of fuel 
draWn from the underground storage tank. 

36. The method of claim 34, further comprising the step 
of initiating a leak detection test if said amount of fuel 
received from said branch conduits is different than said 
amount of fuel draWn from the underground storage tank. 

37. The method of claim 36, further comprising the 
stopping the draW of fuel from the underground storage tank 
if said leak detection test fails. 

38. The method of claim 34, further comprising the step 
of communicating any said discrepancy to a remote location. 

39. The method of claim 34, further comprising the 
stopping the draW of fuel from the underground storage tank 
if said amount of fuel received from said branch conduits is 
different than said amount of fuel draWn from the under 
ground storage tank. 

40. The method of claim 32, Wherein said meter is 
coupled inline to a main fuel piping that is ?uidly coupled 
to fuel in the underground storage tank. 

41. The method of claim 32, Wherein said meter is placed 
in a submersible turbine pump that is ?iudly coupled to fuel 
in the underground storage tank Wherein said submersible 
turbine pump draWs the fuel out of the underground storage 
tank. 
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